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Summary  A  systematic  infection  control  program  is  found  to  be  an  important
tool  to  reduce  hospital-associated  infections  (HAIs)  and  surveillance  of  infection  is
a  signiﬁcant  part  of  it.  The  aim  of  this  paper  was  to  present  the  result  from  17
years  continuous  prevalence  studies  after  implementation  of  a  systematic  infection
control  program,  to  examine  trends  of  hospital-associated  infections  and  to  study
possible  risk  factors  for  different  sites  of  infection.
Data  from  61  399  in-patients  at  Haukeland  University  Hospital,  Norway,  from  1994
to  2010  was  included  in  the  study.  Overall  prevalence  of  HAIs  was  7.6%.  There  was  a
reduction  in  HAIs  from  8.3%  in  1994  to  7.1%  in  2010  (relative  decrease  14.4%),  mostly
attributable  to  a  signiﬁcant  reduction  in  the  prevalence  of  urinary  tract  infections
(UTI).  For  surgical  site  infections  (SSI)  we  found  a  borderline  signiﬁcant  increase
(p  =  0.05).  Male  gender  (except  for  UTI),  urinary  tract  catheter  and  surgical  operation
were  all  strong  predictors  for  HAIs.  Higher  age  was  a  risk  factor  for  all  infection  types,
except  for  BSI.
Abbreviations: HAIs, hospital-associated infections; UTI, urinary tract infection; LRTI, lower respiratory tract infection; BSI, blood
stream infection.
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In  conclusion,  repeated  prevalence  surveys  demonstrated  a  signiﬁcant  reduction  in
hospital-associated  BSI,  LRTI  and  SSI.  There  was,  however,  a
 other  less  severe  HAIs.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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four times  annually  since  1994  and  every  year
almost 4000  patients  in  four  surveys  are  regis-
tered and  evaluated.  The  Department  of  InfectionHAIs  but  no  decrease  in  
rapid  decline  of  UTI  and
©  2014  King  Saud  Bin  Ab
Limited.  All  rights  reserv
ackground
ospital-associated  infections  (HAIs)  are  a major
roblem  for  patient  safety  and  are  associated  with
ncreased  patient  mortality,  longer  in-hospital  stay
nd increased  institutional  costs  [1,2].  The  risk  of
uch infections  depends  on  patient-related  factors,
he procedures  and  treatment  conducted  in  the
ospital,  as  well  as  institution  speciﬁc  character-
stics [2].  It  has  previously  been  shown  that  more
han 5%  of  Norwegian  in-hospital  patients  acquired
 hospital-associated  infection  during  their  hospital
tay [3].  In  other  high-income  countries  the  mean
revalence  of  HAIs  in  mixed  patient  populations  is
.6% [4].
Surveillance  of  HAIs  is  regarded  as  an  essential
art of  any  infection  control  program  and  can  be
erformed  either  as  prevalence  or  incidence  stud-
es. Prevalence  studies  are  easier  to  perform  and
re less  expensive  than  incidence  studies  [5,6].
he results  from  prevalence  studies  can  be  used
o increase  the  awareness  of  the  problem  of  HAIs,
rovide useful  data  for  further  planning  of  infec-
ion control  activities  and  in  documenting  trends
ver time  [6,7]. Repeated  prevalence  studies  will
lso provide  baseline  information  about  the  rate  of
AIs as  well  as  establish  a  basis  for  future  and  more
xtensive  incidence  studies  [3,8].
Prevention  of  infection  is  an  important  goal
or all  hospitals  and  the  SENIC  project  (Study  on
he efﬁcacy  of  nosocomial  infection  control)  doc-
mented  in  the  1980s  that  an  effective  program
or infection  prevention  could  decrease  the  overall
nfection  rate  by  approximately  36%.  Surveillance
f HAIs  was  an  essential  part  of  this  program  [1].
n an  overview  of  30  published  studies  Harbarth
t al.  reported  an  effect  of  minimum  10%  to  maxi-
um 70%  decrease  of  HAIS  as  preventable  and  the
uthors  considered  that  at  least  a  20%  reduction
as achievable  [9].
The aim  of  this  study  was  to  examine  preva-
ence and  trends  of  HAIs  from  at  a  tertiary  teaching
ospital in  Norway  after  implementation  of  a sys-
ematic infection  control  program  and  to  study
ossible risk  factors  related  to  various  types  of
nfections.
C
D
paterials and methods
etting
aukeland  University  Hospital,  Bergen,  is  a  com-
ined primary  and  referral  teaching  hospital  with
pproximately  1000  somatic  beds.  The  hospital
erves approximately  one  million  inhabitants  in
estern Norway  and  is  also  an  emergency  hospital
or a population  of  about  300  000.  It  provides  all
pecialities  except  organ  transplantation,  includ-
ng a large  intensive  care  unit,  neonatal  unit  and
 national  burn  centre.  More  than  25  000  opera-
ions are  performed  annually  and  many  of  these  are
ajor surgery  (cardiovascular,  gastrointestinal  and
eurosurgery).
nfection control program
n  order  to  control  hospital  acquired  infec-
ions a  systematic  infection  control  program  was
mplemented  at  Haukeland  University  Hospital
rom 1994.  Specially  trained  nurses  and  doc-
ors were  responsible  for  implementation  of  the
rogram  which  includes  training  of  health  care
orkers,  introduction  of  evidence-based  guide-
ines,  structural  improvements  and  surveillance  of
AIs.
Regular feedback  of  prevalence  results  was  sent
o medical  persons  in  charge  and  administrators
n the  hospital  shortly  after  the  different  surveys.
uring  the  last  few  years  the  results  were  also  pub-
ished on  the  hospitals  internal  website  to  raise
wareness of  the  campaign.
ata collection
oint  prevalence  studies  on  HAIs  were  performedontrol  was  responsible  for  the  data  collection.
ata were  retrieved  from  all  wards  except  for
sychiatric patients.  Ahead  of  data  collection  the
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prevalence  study  was  advertised  on  the  hospi-
tal’s internal  website  and  detailed  instructions
and guidelines  were  sent  to  dedicated  nurses  or
physicians  on  each  ward.  From  1994  to  2002  data
was collected  on  paper  forms  and  entered  into
a database  by  an  infection  control  nurse.  From
2002 a  web-based  system  was  implemented  and  all
data were  registered  on-line.  On  the  day  of  preva-
lence survey  nurses  or  doctors  on  each  ward  or  unit
registered  infections  according  to  a  deﬁned  proto-
col.
The deﬁnitions  of  in-hospital  infections  were
simpliﬁed versions  of  the  deﬁnitions  recommended
by the  Centres  for  Disease  Control  and  Prevention,
USA (CDC)  [3,8,10]. Hospital-acquired  infections
were deﬁned  as  occurrence  of  any  infection  at
least 48  h  after  hospital  admission  without  evi-
dence of  the  infection  being  present  or  incubating
at the  time  of  admission.  Patients  who  under-
went surgery  30  days  prior  to  the  infection,  or  one
year prior  to  an  implant  surgery  were  included.
Only symptomatic  urinary  tract  infections  were
recorded.
All in-patients  registered  at  the  hospital  at
8 a.m.  of  the  designated  day  were  included  in  the
analysis.  All  types  of  infections  were  recorded,
including urinary  tract  infections  (UTI),  lower  respi-
ratory infections  (LRTI),  blood  stream  infections
(BSI) surgical  site  infections  (SSI)  and  ‘‘other  infec-
tions’’.  The  prevalence  of  surgical  site  infections
is analysed  as  per  cent  of  total  HAIs  and  speciﬁ-
cally for  those  undergoing  surgery.  HAIs  with  only
a few  cases  such  as  skin,  soft-tissue  infections  and
gastrointestinal  infections  were  analysed  together
as ‘‘other  infections’’.  The  prevalence  of  infec-
tions was  calculated  as  the  number  of  patients  with
infections  divided  by  the  total  number  of  patients.
Thus, the  sum  of  prevalence  of  separate  types  of
infections  is higher  than  the  total  prevalence  of
infection,  since  some  patients  had  more  than  one
infection.
The following  demographic  factors  were
recorded for  each  patient:  sex,  age,  year  and
season of  admission  (spring,  summer,  autumn  and
winter), surgical  procedure,  use  of  urinary  tract
catheter  (permanent  and  intermittent)  and  from
2001 also  antibiotic  therapy.
Ethical consideration and patient consent
Use  of  routinely  collected  anonymous  patient  data
is in  accordance  with  the  Norwegian  Health  Author-
ities clinical  service  improvement  and  thus  no
further  approval  or  patient  consent  is required
(2013/1439/REKvest).
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tatistical analysis
ll  analyses  were  carried  out  using  SAS  (Statisti-
al Analysis  System)  version  9.2  (SAS  Institute,  Inc.,
ary, NC)  and  R  version  2.15.1  (The  R  Foundation  for
tatistical computing)  for  Windows.  All  tests  were
wo-sided  and  p-values  below  0.05  were  considered
tatistically signiﬁcant.  The  categorical  variables
ere reported  as  percentages  whereas  continuous
ariables were  reported  as  means.
In order  to  examine  time  trends  of  the  preva-
ence of  HAIs  according  to  period  of  registration  we
sed logistic  regression  models.  This  was  performed
or infection  status  overall  as  well  as  for  subtypes
f infections,  with  and  without  adjustment  for  cal-
ndar season,  patient’s  age  and  gender,  surgical
peration, and  use  of  urine  catheter.  Regression
ines for  the  various  types  of  HAIs  were  presented
ased on  the  unadjusted  regression  analyses.
For time  trends  in  infection  status  overall,
e also  examined  potential  piecewise  segmented
elations using  the  ‘‘segmented’’  package  as  imple-
ented  in  R.  For  this  analysis,  two  starting  values
or time  were  chosen  for  the  estimation  of  two
otential breakpoints  and  three  piecewise  rela-
ions. The  starting  values  were  chosen  a priori
ased upon  data  inspection.
Finally,  we  used  logistic  regression  analyses  to
xamine  potential  predictors  of  HAIs  according
o calendar  season,  patient’s  age  and  sex,  sur-
ical operation,  and  use  of  urine  catheter.  Odds
atios  (OR)  with  95%  conﬁdence  interval  (CI)  were
resented  both  unadjusted  and  with  mutual  adjust-
ent for  the  various  predictors.
esults
n  total,  61  399  patients  from  68  different  sur-
eys were  analysed  with  data  obtained  from  more
han 95%  of  admitted  patients.  Sixty-eight  different
revalence  surveys  were  completed  with  approxi-
ately the  same  number  of  patients  in  each  survey.
he median  patient  age  was  59  years  and  53.5%
ere females,  28.2%  had  undergone  a surgical  oper-
tion, and  13.4%  had  indwelling  urinary  catheters
10.2% permanent  and  3.2%  intermittent)  (Table  1).
During the  study  period,  the  proportion  of  surgi-
al operations  increased  signiﬁcantly  from  25.4%  in
994 to  29.9%  in  2010  (p  <  0.001).  The  use  of  perma-
ent urinary  catheters  also  increased  signiﬁcantly
n the  same  period  from  8.2%  to  13.6%  (p  <  0.001),
hile there  was  no  signiﬁcant  change  in  the  use
f intermittent  catheters.  Use  of  antibiotics  was
ecorded  for  the  last  10  years  of  the  survey  and
ncreased signiﬁcantly  from  17.5%  of  the  patients
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Table  1  Patient  characteristics  of  61  399  patients  at
Haukeland  University  Hospital,  Norway,  1994—2010.
Patient  and
procedure  related
factors
n %
All  patients 61  399  100.0
Time  period
Jan—Mar 15  367 25.0
Apr—Jun 15  301 24.9
Jul—Oct  15  235  24.8
Nov—Dec  15  496  25.2
Age  (years)a
0—14  7322  12.0
15—34  8780  14.3
35—54  10  894  17.7
55—74  18  339  29.9
>74  15  934  26.0
Gender
Woman  32  844  53.5
Man  28  555  46.5
Surgical  operation
No  44  091  71.8
Yes 17  308 28.2
Urinary  tract  catheter
No  53  205 86.7
Yes,  permanent 6251  10.2
Yes,  intermittent 1943  3.2
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Figure  1  Overall  prevalence  of  hospital-associated
infections  among  61  399  patients  according  to  regis-
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not constant  decrease  in  prevalence  of  hospital-a Information on age was missing for 130 patients.
n  2001  (the  ﬁrst  year  of  registration)  to  24.4%  in
010 (p  < 0.001).
The  overall  prevalence  of  HAIs  was  7.6%,  and  the
our most  frequently  recorded  types  of  infections
ave a  prevalence  of  6.7%.  There  was  a statis-
ically signiﬁcant  reduction  in  HAIs  from  8.3%  in
994 to  7.1%  in  2010  (relative  decrease  14.4%),
hich remained  highly  statistically  signiﬁcant  after
djustment  for  season,  patient’s  age  and  gender,
urgical  operation,  and  use  of  urinary  catheter
Table  2  and  Fig.  1).  This  decline  in  HAIs  was,  how-
ver, not  constant  during  the  whole  study  period
Fig.  1).  Using  segmented  regression  assuming  two
reakpoints  we  obtained  three  piecewise  relations;
he ﬁrst  from  1994  (ﬁrst  quarter)  to  2004  (third
uarter); the  second  from  2004  (third  quarter)  to
007 (second  quarter);  and  the  third  from  2007
second  quarter)  to  2010  (fourth  quarter).  A  sta-
istically  signiﬁcant  reduction  in  HAIs  was  only
bserved  in  the  ﬁrst  and  third  segments  (slope  1:
0.007 (95%  CI:  −0.010,  −0.004);  slope  2:  0.018
95% CI:  −0.002,  0.038);  slope  3:  −0.019  (95%  CI:
0.035, −0.003)).
We also  examined  prevalence  and  time  trendsf UTI,  LRTI,  SSI,  and  BSI  and  ‘‘other  infections’’
uring the  study  period.  The  prevalence  was  2.3%
or UTI,  2.1%  for  LRTI,  1.6%  for  SSI,  0.7%  for  BSI
a
d
wration  time  at  Haukeland  University  Hospital,  Norway,
994—2010.  Data  were  ﬁtted  using  segmented  logistic
egression  (blue  line).
nd  0.9%  for  ‘‘other  infections.’’  SSI  among  oper-
ted patients  was  5.7%.  The  prevalence  of  UTI  and
‘other infections’’  was  signiﬁcantly  reduced  from
994 to  2010  whereas  the  prevalence  of  LRTI  and  BSI
emained unchanged  (Table  2  and  Fig.  2).  Regarding
SI, we  observed  a borderline  signiﬁcant  increase
n infections  during  the  study  period  (Table  2 and
ig.  2).
Risk factors  for  UTI  were  high  age,  surgical  oper-
tion  and  urinary  catheter  (Table  3).  Seven  per  cent
f patient  with  permanent  catheters  had  an  UTI
ompared  to  11.7%  among  patients  with  intermit-
ent catheters.  Women  had  higher  prevalence  of
TI than  men.  Risk  factors  for  LRTI  were  high  age,
urgery  and  male  gender.  Among  patients  with  LRTI,
rinary catheter  was  also  found  to  be  a  risk  factor
ith permanent  catheters  having  a higher  risk  than
ntermittent  catheters.  Risk  factors  for  BSI  were
ale gender,  surgical  operation  and  permanent  uri-
ary catheter.  The  highest  prevalence  of  BSI  was
ecorded  among  the  youngest  patients.  For  SSI,  we
ound that  increasing  age,  male  gender  and  urinary
atheter,  both  permanent  and  intermittent,  were
redictors  for  HAIs.  The  season  of  measurement  of
AIS was  not  found  to  be  a  risk  factor  for  any  of  the
ypes of  infection.
iscussion
he  main  ﬁnding  of  this  long-term  prevalence  study
as that  implementation  of  a  systematic  infection
ontrol program  was  followed  by  a signiﬁcant,  butcquired infections  during  the  study  period.  The
ecrease  was  related  to  UTI  and  ‘‘other  infections’’
hile we  did  not  ﬁnd  any  reduction  related  to  the
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Table  2  Time  trend  analyses  for  the  4  largest  types  of  hospital-associated  infections  among  61  399  patients  at
Haukeland  University  Hospital,  Norway,  1994—2010.a,b
Infection  type  Logistic  regression  analysis
Unadjusted  Adjustedc
Betad p  trend  Betad p  trend
All  −0.0026  0.001  −0.0052  <0.001
Urinary  tract  −0.0077  <0.001  −0.0102  <0.001
Lower  respiratory  0.0003  0.86  −0.0034  0.02
Blood  stream  0.0040  0.12  0.0018  0.50
Other  −0.0188 <0.001 −0.0199  <0.001
Surgical  site 0.0068 <0.001 0.0052 0.002
Surgical  site  among  operatede 0.0041 0.020 0.0035 0.05
a Trends were estimated by incorporating registration period (64 periods from 1999 to 2010) as a linear predictor in a logistic
regression model.
b The ﬁtted regression lines are shown in Fig. 2.
c Adjusted for season, age (continuous), gender, surgical operation, and use of urine catheter.
e., lod Beta is the estimated coefﬁcient of registration period (i.
e n = 17 308.
BSI,  LRTI  and  SSI.  The  most  common  recorded  infec-
tions were  UTI  followed  by  LRTI,  SSI  and  BSI.  Age,
male gender,  surgical  operations,  both  permanent
and intermittent  urinary  tract  catheter  were  strong
predictors  of  the  majority  of  infections.
w
i
a
i
Figure  2  Prevalence  of  hospital-associated  infections  among
tion  time  at  Haukeland  University  Hospital,  Norway,  1994—2010
line).  The  ﬁtted  line  of  surgical  site  infections  was  calculatedg odds ratio).
The  occurrence  of  infections  found  in  our  study
as higher  than  the  national  prevalence  survey
n Norway  for  the  years  2002—2003,  where  the
verage prevalence  of  the  four  most  common  HAIs
n major  hospitals  was  5.1—5.7%  [3]. The  overall
 61  399  patients  according  to  infection  type  and  registra-
.  Data  were  ﬁtted  using  ordinary  logistic  regression  (blue
 among  patients  undergoing  an  operation  (n  =  17  308).
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Table  3  Odds  ratios  (ORs)  with  95%  conﬁdence  intervals  (CIs)  of  hospital-associated  infections  according  to  patient  characteristics  among  61  399  patients  at
Haukeland  University  Hospital,  Norway,  1994—2010.
Characteristics  Urinary  tract  infection  Lower  respiratory  tract  infection  Blood  stream  infection  Surgical  site  infection
No.  %  Adjusted  OR  (95%  CI)a No.  %  Adjusted  OR  (95%  CI)a No.  %  Adjusted  OR  (95%  CI)a No.  %  Adjusted  OR  (95%  CI)a
All  patients 1388  2.3 1275  2.1 408  0.7 988  1.6
Time  period
Jan—Mar 355  2.3 1  347  2.3 1  97  0.6 1  256  1.7 1
Apr—Jun 305  2.0 0.8  (0.7,  1.0) 300  2.0 0.9  (0.7,  1.0) 96  0.6 1.0  (0.8,  1.3) 234  1.5 0.9  (0.7,  1.1)
Jul—Oct 345  2.3 1.0  (0.8,  1.1) 281  1.8 0.8  (0.7,  1.0) 115  0.8 1.2  (0.9,  1.6) 226  1.5 0.9  (0.7,  1.1)
Nov—Dec 383  2.5 1.0  (0.9,  1.2) 347  2.2 1.0  (0.8,  1.1) 100  0.6 1.0  (0.8,  1.3) 272  1.8 1.0  (0.9,  1.2)
Age  (years)
0—14  38  0.5  1  44  0.6  1  50  0.7  1  24  0.3  1
15—34  90  1.0  1.2  (0.8,  1.7)  58  0.7  1.0  (0.7,  1.5)  62  0.7  0.9  (0.6,  1.7)  112  1.3  4.0  (2.5,  6.1)
35—54  143  1.3  1.7  (1.1,  2.4)  170  1.6  2.1  (1.5,  2.9)  99  0.9  0.9  (0.7,  1.3)  202  1.9  5.4  (3.5,  8.2)
55—74  443  2.4  3.1  (2.2,  4.4)  508  2.8  3.4  (2.5,  4.7)  140  0.8  0.7  (0.5,  1.0)  369  2.0  5.5  (3.6,  8.3)
>74  674  4.2 5.3  (3.8,  7.4) 493  3.1  4.0  (3.0,  5.5)  56  0.4  0.4  (0.2,  0.5)  279  1.8  4.8  (3.1,  7.3)
Gender
Woman 827  2.5 1  469  1.4  1  171  0.5  1  432  1.3  1
Man  561  2.0 0.7  (0.6,  0.8) 806  2.8  1.8  (1.6,  2.0)  237  0.8  1.4  (1.2,  1.7)  556  1.9  1.4  (1.3,  1.6)
Surgical  operation
No  711  1.6 1  672  1.5  1  152  0.3  1  0  0.0  —
Yes 677  3.9 1.8  (1.6,  2.0)  603  3.5  1.7  (1.5,  1.9)  256  1.5  3.3  (2.7,  4.1)  988  5.7  —
Urinary  tract  catheter
No  746  1.4  1  757  1.4  1  261  0.5  1  720  1.4  1
Yes,  permanent 415  6.6 3.6  (3.2,  4.1)  467  7.5  3.8  (3.3,  4.3)  134  2.1  3.1  (2.5,  3.9)  221  3.5  2.3  (2.0,  2.7)
Yes,  intermittent 227  11.7  8.3  (7.1,  9.8)  51  2.6  1.6  (1.2,  2.1)  13  0.7  1.0  (0.6,  1.8)  47  2.4  1.7  (1.2,  2.3)
a Calculated by using multiple logistic regression models, adjusted for time period, age, gender, surgical operation, and use of urine catheter.
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prevalence  of  HAIs  in  our  study  is  found  to  be  at  the
same level  as  has  been  reported  from  most  other
major hospitals  in  western  countries  [4,11—16],
but is  also  lower  than  reported  in  other  studies
[6,17,18].
Prevalence  of  hospital  infections  may  vary
between departments  and  hospitals  according  to
the case  mix  of  treated  patients  [19,20].  The  rate
of HAIs  may  also  vary  with  size  and  function  of
the hospital;  large  tertiary  hospitals  with  teach-
ing function  often  having  higher  prevalence  than
smaller  hospitals  [3,11,19].  In  addition,  there  is
no standardized  methodology  for  performing  HAIs
prevalence  surveys  and  the  published  rates  of  infec-
tion from  different  hospitals  should  therefore  be
compared  with  caution  [18,20].  Therefore,  it  is
more useful  to  follow  trends  in  the  actual  hospital
in order  to  assess  results  over  time.
Distribution of  different  types  of  infection,  with
UTI as the  most  common  recorded  infection,  is
also shown  in  several  other  studies  [3,12,21—23].
Surprisingly,  our  study  showed  that  patients  with
intermittent  urinary  tract  catheters  had  higher
risk for  UTI  than  those  treated  with  permanent
catheters.  One  reason  for  this  could  be  that  only
symptomatic  UTI  were  recorded.  It  should  also  be
noted that  indications  for  intermittent  and  per-
manent  catheter  might  be  different.  Our  ﬁndings
may also  indicate  that  it  is  difﬁcult  to  assess  UTI
among patient  with  permanent  catheter.  Conse-
quently, there  might  be  an  under-reporting  of  these
infections.
Despite  the  increased  use  of  urinary  catheters  we
observed  a  reduction  in  UTI  from  1994  to  2010.  This
may be  due  to  improved  infection  control,  educa-
tion and  new  devices  like  closed  urinary  drainage.  In
1997, a  major  campaign  with  focus  on  prevention
of UTI  was  performed  and  we  observed  a marked
reduction in  prevalence  of  UTI  after  the  campaign.
In spite  of  reduced  hospital  stay  and  var-
ious infection  prevention  activities  during  the
study period,  we  observed  a  borderline  signiﬁcant
increase in  SSI.  One  reason  for  this  might  be  that
a new  department  for  day-surgery  was  established
in 2003  which  changed  the  patient  case  mix.  Minor
operations,  normally  with  low  risk  of  infection,
were from  2003  no  longer  included  in  the  preva-
lence registration.  Another  reason  for  an  increase
in SSI  might  be  an  increasing  number  of  operated
patients with  more  extensive  diseases  and  severe
co-morbidity,  as  it  is  well  known  that  these  patients
are more  prone  to  postoperative  complications  such
as SSI.  Short  hospital  stays  will  also  affect  the
results, and  in  a  study  from  Finland  Huotari  et  al.
identiﬁed  that  most  orthopaedic  SSI  were  detected
post discharge  [24]. It  may  therefore  be  time  to
m
a
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valuate  if  prevalence  surveillance  is  an  appropri-
te method  for  monitoring  SSI  or  if  more  extended
ethods and  post  discharge  follow-up  is  recom-
ended [25].
In  addition  to  systematic  infection  prevention
ctivities, various  campaigns  have  been  performed
n Norway  during  the  study  period.  In  2005  a
ational hand  hygiene  campaign  organised  by  the
orwegian  Institute  of  Public  Health  was  conducted
n the  hospital.  New  guidelines  for  health  care
ettings  were  published  and  during  the  campaign
eriod there  was  an  increased  focus  on  education
nd compliance  with  guidelines  among  employees.
espite this  we  could  not  ﬁnd  any  reduction  in
revalence of  infections  during  or  after  the  cam-
aign.  Similar  ﬁndings  were  also  conﬁrmed  in  a
eparate  nationwide  point-prevalence  survey  fol-
owing this  campaign  [8]. One  reason  for  lack  of
ffect of  this  hand  hygiene  campaign  might  be  that
nfection  prevalence  is  already  at  a  low  level.  Herud
t al.  studied  use  of  hand  hygiene  products  and
nfection rate  and  found  that  extensive  use  of  hand
ygiene products  is  not  an  efﬁcient  way  in  further
educing infections  in  low  prevalence  wards  [26].
Even if  there  has  been  a  signiﬁcant  increase
n use  of  antibiotics  from  2001  to  2010  in  our
ospital, as  in  other  Norwegian  hospitals  in  gen-
ral, it  still  remains  at  a low  level  compared  to
ther countries  [14—16,27,28]. A  main  goal  for  the
orwegian  health  authorities  is  that  the  low  con-
umption  of  antibiotics  should  be  maintained,  and
ontinuous  surveillance  is  also  an  important  task  to
chieve this  goal  particularly  with  the  increasing
lobal numbers  of  antibiotic  resistant  bacteria.
The strength  of  this  long-term  study  is  the  large
umber  of  patients  included  and  the  many  years  of
bservation.  The  method  applied  has  also  been  the
ame throughout  the  whole  study  period,  except
hat registration  of  antibiotics  was  only  recorded
rom 2001  and  implementation  of  a  web-based  reg-
stration system  was  implemented  in  2002.
Although  we  ﬁnd  a  reduction  in  HAIs  during  the
tudy period  of  17  years,  we  demonstrated  by  using
egmented  logistic  regression  analyses,  that  the
eduction has  not  been  linear.  Structural  changes,
ase mix  and  change  in  organisation  in  the  hospi-
al have  taken  place.  This  might  have  inﬂuenced
he outcome  in  different  ways,  and  it  is  difﬁcult  to
ssess how  much  the  change  in  HAIs  are  caused  by
actors related  to  infection  control  activities  or  to
ther factors.  [1,9].  We  still  do  not  ﬁnd  that  the
dentiﬁed  breakpoints  are  related  to  the  time  of
ajor changes  in  the  hospital.
This study  shows  that  despite  implementation  of
n infection  control  program,  we  only  succeeded
n preventing  the  less  serious  infections  as  UVI  and
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‘other  infections’’.  This  reduction  could  be  under-
tood  as  the  programme  has  contributed  to  picking
he ‘‘low  hanging  fruits’’.  In  order  to  achieve  reduc-
ion of  more  severe  infections,  targeted  measures
gainst identiﬁed  areas,  groups  of  patients  and  risk
actors should  be  implemented  and  continuously
valuated and  studied.  One  example  is  reduction
f catheter  related  blood-stream  infection  [29].
nother example  from  our  own  experience  is  that
pplying  WHO  Safe  Surgery  checklist  reduced  infec-
ions after  surgery  signifcantly  [30].
onclusion
ver  a  period  of  17  year,  repeated  prevalence
urveys at  Haukeland  University  Hospital  demon-
trated  a  signiﬁcant  reduction  in  HAIs.  In  spite  of
ncreasing  attention  given  to  prevention  of  HAIs
here was  no  decrease  in  hospital-acquired  BSI,  LRTI
nd SSI  while  there  was  a  rapid  decline  of  UTI  and
ther less  severe  HAIs.
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